Abstract: This paper outlines selected results of a glottodidactic study conducted at the Bioimaging Research Center in Kajetany (Poland) using fMRI. The aim of the study was to compare, from the neurolinguistic point of view, selected language activities: retrieving a list of previously memorized words and phrases, retrieving previously memorized short texts, and creating a spontaneous oral statement in a foreign language (L2), in order to assess their potential impact on the development of communicative competence of L2-learners. The study is aimed at answering the following question: the processing of which kind of linguistic information, i.e. in the form of individual phrases or in the form of a text, is more similar to the act of spontaneous speech from the neurobiological perspective. It was assumed that the activity which is more similar to such speech act will probably be more conducive to the development of students' communication skills in the process of learning a foreign language. The results of the study demonstrate that work with a coherent text in foreign language learning and teaching can be more beneficial than working with lists of separate words or phrases.
Introduction
This paper is a preliminary attempt to assess the potential impact of selected language activities on the development of L2 learners' communicative skills in the process of Anna ANTONIUK et al.
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Applied Linguistics Papers: www.alp.uw.edu.pl foreign language learning and teaching by using Functional Magnetic Resonance Imaging (fMRI). The main aim is to compare two selected language activities: 1. retrieving a list of thematically related, previously memorized words and phrases, and 2. retrieving previously memorized short coherent texts on a given subject, with a third language activity, that is, creating a spontaneous oral statement on a given topic in a foreign language (L2). This comparison, made with the help of fMRI, should reveal which task of processing linguistic information, task 1 or task 2, is more similar to the act of spontaneous speech (task 3) from a neurobiological point of view. It is assumed that the indicated form of activity will probably be more conducive to the development of communicative competence of learners in the process of learning a foreign language.
The paper is divided into four sections following the Introduction. Section 1 gives a brief overview of the theoretical background of the study. The anthropocentric language theory by F. Grucza is selected and presented as the main reference. In this section we also explain how we define some key concepts for the study, e.g. communicative competence, discourse, and didactic material. The focus of the second section is the fMRI study which was utilized to verify our three research hypotheses, as well as the hypotheses themselves. The section begins with a short literature review on using fMRI to conduct language research. In the third section initial assumptions, research procedure and methodology of the study are examined. The next section presents and discusses selected results of the neurolinguistic experiment that was conducted in February-April 2018 on 8 adults, speaking Russian language as a foreign language (L2), at the Bioimaging Research Center in the Institute of Physiology and Pathology of Hearing in Kajetany near Warsaw 1 . The final section brings our conclusions about the glottodidactic potential of selected techniques of working with language material from the perspective of neurolinguistics.
1.Theoretical background: the significance of discourse as didactic material in foreign language learning and teaching
The main objective of this paper is to compare selected mnemonic tasks from the point of view of their effectiveness in the process of learning a foreign language. We want to ascertain how facilitative these techniques of working with language material are in the development of the L2-learners' communicative competence, since the communicative competence is the most important declared aim of learning (and teaching) a foreign language. The starting point for addressing this issue was the assumption that although the development of the learners' communicative skills has been perceived as the main 1 The fMRI study has been conducted in cooperation with a team of specialists at the Bioimaging Research Center in the Institute of Physiology and Pathology of Hearing in Kajetany on the basis of an agreement on scientific cooperation between the Institute and the University of Warsaw. We sincerely thank Dr Agnieszka Pluta and Dr Tomasz Wolak from the Bioimaging Research Center for their professional assistance and expertise in conducting the study and interpreting its results. goal of foreign language teaching for at least the last 40 years, an observation can be made that in many cases learning a foreign language does not bring the expected results -in the form of developing these skills among learners -in spite of even strong motivation and considerable amount of work invested in learning. Therefore, it could be deduced that the methods, strategies or/and techniques of foreign language learning and teaching may be not adequate in relation to the intended aim. An answer to the question how to learn a foreign language quickly and effectively, although still very interesting for a great number of people who appreciate the role of foreign language skills both in professional and in private life, has not so far been ascertained and asserted.
The problem of finding the most advantageous methods, techniques, strategies and materials recommended and/or applied in language learning and teaching have been considered by glottodidactics for many years and remains one of the most prominent interests of glottodidactic research. Still, it does not seem easy to answer this question.
Glottodidactics as a scientific discipline strives to find an answer to this question primarily through the systematic exploration and examination of the processes that take place in the minds of the learners during language learning (cf. F. Grucza 2007: 22) . On the basis of scientific observation and understanding language acquisition process, glottodidactics tries to evaluate the factors involved in this process and to assess their impact on its final effect (ibid.: 16-17).
As stated above, the most desirable final outcome of L2-learning is now considered to be the development of learners' communicative competence in L2. Learning a foreign language is understood by most glottodidactics practitioners, as it is in this paper, as a process of systematically supporting the development of learners' communicative competence, i.e. the complex skills of understanding and creating language utterances and the ability to use them effectively as means in the communication process (cf. F. Grucza 1993a: 31).
However, as both the literature on the subject (see e.g. M. Olpińska 2013) and an analysis of didactic materials (coursebooks, workbooks, other reference books, etc.) indicate, the majority of the currently used methods of teaching a foreign language, both traditional (cognitive methods, communicative method, direct method and others) and alternative ones (SITA method, Callan method, etc.), focus on the development of lexical competence (development and enrichment of vocabulary) and grammatical competence (knowledge of sentence structures) in learners. It is generally assumed (cf. e.g. H. Komorowska 1999:194) that having "absorbed" the appropriate resource of expressions and language structures (words and phrases) will "automatically" enable learners to use them in the communication process, i.e. to create their own oral and written utterances appropriate to the interlocutor, situation, and to the aim of communication (discourse and pragmatic competence).
Consequently, the focus of research into foreign language teaching is on finding ever more effective ways (methods, techniques and activities) to better acquire and memorize lexical and grammatical material (i.e. multiple repetition of sentence structures, their transformation and creation following an example, learning vocabulary -e.g. irregular verbs forms, drills, mini-dialogues, and even so-called role-plays -acting out communication roles using "assigned" phrases). Meanwhile, numerous scientific studies (cf. e.g. C. Srole 1997 , W. Butzkamm 2002 , S. Even 2003 , M. Olpińska 2013 , M. Dakowska 2015 clearly indicate that transferring skills from the practice of a given form isolated from the communication context to its application in free communication is simply not successful.
In the face of that evidence, one could assume that to ensure the learner's chance for success the ability to create his or her own utterances must be fostered from the very moment they begin to learn a foreign language. Thus, the activities learners engage in during the learning process should involve the production of full utterances (texts), not individual words or sentences. For the same reason the learning process should be based on the use of the authentic discourse material (texts) (cf. M. Dakowska 2001: 114) . In this paper, the notion authentic text is understood as a communicatively appropriate text that is integrated with the communicative situation in which it occurs. Such texts can be considered "sensible units" whose linguistic structure reflects the communication intention, which constitutes the choice and organization of the content of the statement (cf. N. It does not follow, however, that we advocate a complete abandonment of grammar as a factor in ordering the teaching material. Learners should understand language structures both in functional (semantic and situational), as well as in formal (syntactic, structural) terms. But we believe, following W. Butzkamm (2002: 5) , that in the process of learning a foreign language the understanding of the meaning of the statement should be the key to "breaking the language code" and not the other way round.
Therefore, the processes of foreign language learning should be initiated in sensible communication situations, because the main objective of foreign language teaching is to enable learners to take part in the language communication process from the very beginning and to gradually build and support the development of their communicative skills. On the way to this goal, formal explanations and appropriate structural exercises are also needed; however, while the explanations and exercises are indispensable, they should not dominate foreign language lessons and the knowledge of the foreign language system should be developed along with the strategic skills of using language expression as means of communication.
Substantiation for these claims can be found in cognitive linguistics, e.g. in the anthropocentric theory of languages by F. Grucza. (1983 Grucza. ( , 1993a Grucza. ( , 1993b Grucza. ( , 1996 Grucza. ( , 1997 In order to describe the processes occurring during the production and perception of language expression, we assume an interactive model of language processing (see e.g. H. Strohner, 2005; W. Schnotz, 2005) . Scientific research in the field of psychology, psycholinguistics and neurolinguistics allows an increasingly more precise tracking of the processes involved in creating and understanding linguistic utterances. Scientists have been able to identify three stages in the process of planning and formulating utterances from the moment when the communicative intention appears to its linguistic expression. These include: firstly, the level of conceptualization (W. Levelt 1989 , 1992 , cf. also A. Caramazza 1997 , I. Kurcz 2000 , B.M. Schmitt et.al. 2003 , G. Rickheit/ L. Sichelschmidt / H. Strohner 2004 , where the speaker selects the content he or she is going to express, and the goal he or she wants to achieve using language expressions; secondly, the level of utterance formulation (pre-verbal message generation), at which the selection of proper syntagmatic structures, lexical units and the assignment of the appropriate phonological form to morphemes (grammatical and phonological coding, cf. B.M. Schmitt et.al. 2003 : 52, P. Indefrey 2003 ) takes place; and, finally, the level of articulation, at which the verbalization of utterance (the vocal realization of the speech) occurs.
The key assumption in this study is that learning a foreign language, focusing on the two lower stages of language processing (the formulation and articulation of linguistic utterances) and not including the conceptualization stage, does not enable learners to develop the full communicative competence, that is, all linguistic and nonlinguistic skills that they need to operate efficiently and effectively in the communication environment. If we recognize that the most important aim of foreign language teaching is to support the learners' ability to understand and create language utterances and to use them as a means of communication, it seems appropriate to develop and use teaching material as close as possible to authentic discourse and to let the learners perform the linguistic activities (tasks) that are as close as possible to the activities performed in the process of language communication. We can, therefore, assume that appropriately prepared and performed work with a text is more adequate to the assumed L2 teaching aim than working with lists of separate words or phrases.
The study: using fMRI for language research
Contemporary glottodidactics should be understood as an interdisciplinary scientific field whose research on language processing and learning is based on the cooperation with other scientific disciplines such as psychology, psycholinguistics and, in recent years, neurolinguistics.
The The role of context in acquiring new words, as pointed out above, can be confirmed by many fMRI studies. The issues investigated include the differences in the brain activity when learning isolated words and words used in sentences and in texts while reading (J. Xu et al. 2015 , K. Ledoux et al. 2006) . The different ways of word acquisition in L2 have also been compared: both through translation into L1 (first language) and through the situational context.
The results of these studies show that learning words through their social context activates language networks in a manner similar to using L1. Pedagogically, this study underlines the importance of learning L2 in a social context because brain activity during the retrieval is similar to that accompanying the retrieval of L1 words (H. Jeong et. al 2010) .
The brain activity during speech production has also been the subject of many scientific studies. It is often compared to brain activity accompanying listening (K. Segaert et al. 2011) , because both these processes activate the brain areas responsible for syntactic processing (left inferior frontal gyrus, Brodmann's area, left middle temporal gyrus, and bilateral supplementary motor area). However, it has been noticed that the level of language proficiency brings differences in the brain activity while performing tasks consisting in speech production and listening comprehension. Whereas the left dorsal IFG activation related to oral production was negatively correlated with the participants' L2 fluency levels, the left posterior STG region employed for listening comprehension showed a positive correlation with L2 fluency levels. The results of the current studies suggest that more fluent L2 learners require fewer cognitive resources for L2 oral production (K. Shimada et al. 2015) .
It is emphasized that the activity of areas related to language production largely overlaps with the areas responsible for non-linguistic cognitive areas (left-lateralized frontotemporal-parietal -FTP system), thus involving it in cognitive control specific to sentential spoken language production.
In recent years, the focus has been on brain activity during a free utterance (and not just producing single words), e.g. when describing a picture. It has been emphasized that there is a multitude of factors that accompany this process, such as semantic and syntactic coding and error correction (V. Troiani et al. 2008 , M. Grande et al. 2012 . Reading aloud has also been compared with spontaneous utterances (V. Ramanarayanan et al. 2010 ). An attempt has been made to introduce a dialogue into the research on language production, with the focus being not on the speech act itself, but on the conceptualization of utterance, which shows that the social context (interlocutor's presence) is important in this process (A.K. Kuhlen/ C. Bogler 2017). Few researchers have directly addressed the issues of glottodidactics by using fMRI. Previous work has largely failed to address the question of adequacy or effectiveness of methods, techniques or materials applied in language teaching.
In the study presented below 2 , the focus is on the glottodidactic potential of selected techniques of work with language materials. During the performance of planned language tasks we expected the areas forming language networks to be active. Drawing on the literature on the subject, we expected that during the memory retrieval of coherent texts and during the creation of a spontaneous statements there would be a greater activation of areas responsible for linguistic processing (mainly on the level of semantization and conceptualization of utterances) than during the memory retrieval of individual language expressions.
The aim of the study was to verify the following research hypotheses. Research hypothesis No. 1 stated that: the areas of human brain involved in the process of creating language utterances are not always identical to the areas involved in doing language tasks. The study aimed at identifying the language tasks that activate the same or similar brain areas to those activated in the process of language communication. From a variety of possible language activities we have chosen two tasks that are very often performed by L2-learners: 1. reproducing previously memorized lists of thematically related but isolated words and phrases (collocations) and 2. reproducing a previously memorized short, coherent texts on a given subject. All the activities, including the producing of a spontaneous oral statement on a given topic, were performed by the participants in a foreign language, which in this case was Russian.
Research hypothesis No. 2 assumed that: the language tasks that activate the same or similar brain areas to those activated in the process of language communication require from foreign language learners the same or similar activities that they perform while participating in real language communication acts, so they will be more conducive to the development of their communication skills than tasks activating other areas.
Research hypothesis No. 3 assumed that: the brain areas active in the process of memory retrieval of coherent texts will overlap to a larger extent with the areas active in the process of creating spontaneous utterances than the areas active in the process of memory retrieval of individual words and phrases.
In order to examine these hypotheses, brain images were made using Functional Magnetic Resonance Imaging (fMRI). In order to eliminate as many variables that could affect the interpretation of imaging results as possible, the fMRI study was conducted on a homogeneous group of 8 volunteers: right-handed women aged 20-25, not suffering from claustrophobia, who speak Russian as a foreign language (L2) at B1 + / B2 level. The study participants were examined while performing all three types of tasks mentioned above. Each of the three tasks consisted of four exercises devoted to different subject areas; the exercises were selected in a randomized manner for each participant (a total of four lists of words, four texts and four spontaneous statements in a random order). The thematic scope in each task for one participant was identical to eliminate or limit to the minimum the impact of non-linguistic factors (such as different levels of general and specialist knowledge). During the study, brain areas activated in the participants during the performing of tasks were observed and compared with each other.
The study was approved by the Ethics Committee of the University of Warsaw (Poland). Written informed consent was obtained from each participant.
Research methodology
The structural magnetic resonance images (MRIs) of the subjects were acquired using a 3T Siemens TIM TRIO VB17 whole-body magnetic resonance scanner with a 12-channel head matrix coil.
The fMRI data analyses were done in MATLAB and the Statistical Parametrical Mapping software (SPM 12, Wellcome Department of Cognitive Neurology, London, UK) using a standard pre-processing pipeline: slice-timing; re-alignment (3 translations and 3 rotations), co-registration of EPI images and the T1 MPR image; tissue segmentation of the T1 image; normalisation of the T1 MPR image to the MNI template; smoothing with a 6 mm FWHM kernel, high-pass filtering of 128 s. It was followed by first-and second-level analysis.
Functional Protocol: block design paradigm included 4 types of blocks consisting of word lists, texts, spontaneous speech and rest periods. Each block took 20 seconds. Language tasks, i.e. word lists, texts, and spontaneous speech, were separated by rest blocks in a random sequence; each task appeared 4 times.
The functional paradigm was repeated twice. During the first sequence the subjects were asked to perform the tasks in silence and during the second sequence they spoke aloud. To minimize any residual stimulus-correlated motion artifacts, the subjects were trained to speak softly and to minimize movements of head and facial muscles. Figure 1 , all the three tasks (word lists reproduction versus baseline, texts reproduction versus baseline, spontaneous speech) activate the distributed language network comprising Inferior Frontal Gyrus (IFG), anterior and superior temporal gyrus (STG). Inferior Frontal Gyrus (IFG) plays a crucial role in producing language: it processes lexical information and phonological inputs. STG is involved in lexicalsemantic categorization. The joint activation of IFG and STG enables the production of meaningful sentences. In line with other studies (cf. E. Fedorenco 2014), speech production (in all the three tasks) activates additional brain areas (putamen, Middle Frontal Gyrus, parietal lobule, parts of the insular cortex, pre-supplementary and supplementary motor area, occipital cortices), which support cognitive control, planning, attention, retrieval and visual imagery.
The results

As shown in
The direct comparison of the brain activity during text reproduction and word lists retrieval revealed increased neural activation in the middle and superior temporal gyrus as well as the supramarginal gyrus in the left hemisphere. These regions subserve language and semantic memory processing, phonological word form detection, semantic and syntactic processing as well as multimodal sensory integration (S.M. Wilson/ A. Bautista/ A. McCarron 2018).
Similar activation of subregions of superior temporal sulcus (STS), i.e. the area separating the superior temporal gyrus from the middle temporal gyrus in the temporal lobe of the brain, was observed during spontaneous speech generation (but not during word lists reproduction). Spontaneous speech generation showed increased activation of the language network, as well as frontal, temporal and parietal networks involved in executive functions, lexical-semantic categorization and attention, in comparison with other tasks.
The results suggest that both texts reproduction and spontaneous speech involve semantic and syntactic processing. In line with our hypothesis, spontaneous speech generation proves to be cognitively the most demanding task. 
Conclusions
The evidence from the study of brain activity while performing three selected language tasks suggests that the assumptions about the foreign language learning expressed in research hypotheses could be confirmed.
The neural activation of participants while creating a spontaneous oral statement on a given topic in L2 was the largest in comparison with the other two language tasks (research hypothesis No. 1). The act of spontaneous speech proved to be cognitively the most demanding task.
The observation of neural activity during the retrieving of previously memorized texts and producing a spontaneous utterance in L2 revealed increased activation of middle and superior temporal gyrus (STG), as well as of subregions of superior temporal sulcus (STS) in comparison with the activity during reproduction of previously memorized words and collocations (research hypothesis No 3). the findings of the study indicate that the brain activity while the participants retrieve coherent texts, although not identical, is more similar to the activity accompanying speech production, i.e. language communication, than to the one that we observe during the retrieval of isolated words and phrases devoid of context. Consequently, it can concluded that working with language material (didactic material) in the form of coherent discourse may be more productive in foreign language learning and teaching, and, as a result, more beneficial for the development of the learner's communicative skills (research hypothesis No 2).
Although the technique of memorizing the language material, both word lists and texts, by the participants of the experiment (applied techniques, working memory, etc.), were not the subject of research, the influence of information processing depth on memorization cannot be completely ruled out or ignored. As M. Dakowska (2001: 114 ff.) points out, language material constituting the logical whole and carrying important content for the receiver is more quickly and easily remembered. This could be considered a further argument in favour of the claim that a language should be learnt in context and with the application of discourse. Learning individual words or phrases does not seem to meet these criteria.
Empirical confirmation of our research hypotheses allows us to formulate important conclusions that may be useful by creating new or verifying traditional didactic materials, as well as by choosing and didactically justifying the methods, strategies and techniques in foreign language learning and teaching. We hope that the results of our study will constitute a significant contribution to the development of contemporary glottodidactics as an independent scientific discipline and initiate further research in this field.
